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ABSTRACT 
 Membrane distillation system is one of the solution to overcome the pollution 
issues that have been wide spreading. The system also solves the issue in the shortage 
of clean water supply that were escalating day by day especially in our own country, 
Malaysia. Membrane Distillation required two form of energy in order to perform its 
activity that is heat and electrical energy. In order to improve the system, the energy 
consumption of the system could be lowered by solar power. As solar power are reliable 
for providing thermal and electrical energy for the system as solar thermal collector and 
photovoltaic cells. With the solar thermal collector combined with the membrane 
distillation system, the temperature of the heat needed for the solar collector could be 
provided without having the auxiliary electric heater accompanied. The performance of 
the collector were simulated and the best design parameters were identified for the 
thermal collector so that it could worked at its maximum efficiency. The performance 
of the solar collector plays an important role in the first step on establishing this project 
to see whether the combining of solar thermal collector with the membrane distillation 
system could give the same result as there are no electrical heater included in the system.  
The mechanism of the solar powered membrane distillation system were reviewed to 
make sure the system would be able to maintain the temperature of the desired fluid in 
the feed tank of the system and increase the temperature of the fluid at the same time. 
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ABSTRAK 
Sistem penyulingan membran adalah salah satu penyelesaian untuk mengatasi 
isu-isu pencemaran yang telah luas merebak. Sistem ini juga menyelesaikan isu tentang 
kekangan bekalan air bersih yang semakin meningkat hari demi hari terutama di negara 
kita sendiri, Malaysia. Membran penyulingan memerlukan dua bentuk tenaga untuk 
melaksanakan aktivitinya iaitu tenaga haba dan tenaga elektrik. Dalam usaha untuk 
menambah baik sistem, penggunaan tenaga sistem boleh dibekalkan oleh kuasa solar. 
Kuasa solar boleh dipercayai untuk menyediakan tenaga haba dan elektrik untuk sistem 
sebagai pemungut haba suria dan sel solar photovoltaic. Dengan pengumpul haba suria 
digabungkan dengan sistem penyulingan membran, suhu haba yang diperlukan untuk 
pengumpul solar boleh disediakan tanpa pemanas elektrik bantu disertakan. Prestasi 
pengumpul disimulasikan dan parameter reka bentuk yang terbaik telah dikenal pasti 
untuk pengumpul haba supaya ia boleh bekerja pada kecekapan maksimum. Prestasi 
pengumpul solar memainkan peranan yang penting dalam langkah pertama dalam 
mewujudkan projek ini untuk melihat sama ada menggabungkan pengumpul haba suria 
dengan sistem penyulingan membran boleh memberikan keputusan yang sama oleh 
kerana tidak ada pemanas elektrik termasuk dalam sistem. Mekanisme sistem membran 
penyulingan berkuasa solar telah dikaji semula untuk memastikan sistem itu akan dapat 
mengekalkan suhu bendalir yang dikehendaki di dalam tangki suapan sistem dan 
meningkatkan suhu bendalir pada masa yang sama.   
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CHAPTER 1  
INTRODUCTION 
 
1.1 Background of study 
  
The sun lies at the center of the solar system, where it is by far the largest object. 
It holds about 99.8 percent of the solar system mass and is roughly 109 times the diameter 
of the Earth where about one million Earths could fit inside the sun (Charles, 2017). The 
sun radiates energy in all directions. Most of it dissipates into space, but the tiny fraction 
of the sun's energy that reaches Earth is enough to heat the planet and drive the global 
weather system by warming the atmosphere and oceans. The delicate balance between 
the amount of heat Earth receives from the sun and the heat that Earth radiates back into 
space makes it possible for the planet to sustain life (David, 2017). The Sun emits heat 
and energy as the by-product from the millions of chemical reactions that had occurred 
on the ball of gas. Electromagnetic radiation, including visible light, infrared radiation, 
ultraviolet light and X-rays, can travel through the vacuum of space. Other forms of 
energy require a physical media to move through. For example, sound energy needs air 
or another substance to be transmitted, and the wave energy of the oceans needs water. 
Solar energy, however, can travel from the sun to the Earth without the need for a physical 
substance to transmit the energy. This feature of electromagnetic energy makes it possible 
for the Earth to receive solar energy, including heat (Ramos, 2017). Parts of the radiations 
that was emitted by the Sun were used and converted into energy by using solar energy 
power plant such as concentrated solar power, photovoltaic and concentrated 
photovoltaic. 
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 In contrary to photovoltaics, solar thermal power plants indirectly generate power 
from sun light. The conversion of solar irradiation into thermal energy follows the 
Principle of Absorption. It can be performed by solar collectors, which directly absorb 
the sun irradiation. Large thermal solar power plants work with concentrators following 
the principle of reflection. The concentrators bundle the sun beams to increase the 
intensity of the incident light on the absorber. Thus the temperature in the heat carrier is 
increased (Ammonit Measurement, 2018). Solar thermal systems are mostly used in 
residential and industrial application such as domestic water heating, desalination plants 
and solar cooker. This shows that it is necessary to apply solar thermal collector in the 
membrane distillation system. Membrane Distillation (MD) is a thermally-driven 
separation process, in which only vapour molecules transfer through a microporous 
hydrophobic membrane. The driving force in the MD process is the vapour pressure 
difference induced by the temperature difference across the hydrophobic membrane 
(Abdullah et al., 2012). 
 
1.2 Problem Statement 
 
Malaysia is a very fortunate country to receive a high average of rainfall that is 
from 2030 mm to 5000 mm every year. Water resources had become a booster in the 
development of the economy in the country for the past decades (Keizrul & Azuhan, 
1998). Kilometers of pipelines and canals supplies clean water to sustain domestic, 
industrial and agriculture needs around Malaysia (Marlinda, Nor, & Leong, 2013). 
Recently, the water solution for the country has changed from a relative abundance to one 
of the scarcity for the government. Population growth, urbanization and the expansion of 
irrigated agriculture are imposing rapidly growing demands and pressures on the water 
resources, besides contributing to the rising water pollution (Shahrizaila, 1999). The 
seasonal distribution such as extended periods of drought also cause water supply to fall 
short of water demands in states that supporting large scale agriculture Perlis and Kedah. 
Other than that, the policy issues also had become a catalyst to the water demand in 
Malaysia. Instead of conserving the water resource, the government emphasis fore on the 
source utilization (Noor, 2011). 
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The 5th World Water Forum (WWF) held in Istanbul in 2009 with the theme 
“Bridging Divides for Water” ended with mixed conclusion and showed many divides in 
opinions. However, the true scope and urgency of the world water crisis had been 
recognized and many engaged to solve water related issues (Abdullah, 2004). In a recent 
survey, it was shown that the water demand for potable water in Malaysia for 2010 were 
15.9 mld and continue to escalate to 28.5 mld during 2050 (Noor, 2011). Therefore, there 
are countries with least water supply develop technologies by using the unlimited 
seawater as another alternative sources (Sara, 2014). However, humans cannot drink 
saline water as it contains a significant amounts of dissolved salts but the source could be 
change into freshwater by undergoing certain methods (Perlman, 2018). 
 
One of the ways to be applied is by distillation. Distillation is a process of heating 
a liquid until becomes gas, then changing them to liquid again by cooling (Cambridge 
Dictionary, n.d.), or a process of purifying a liquid mixture by successive evaporation and 
condensation (Merriam-webster, 2018). This principle was used in the membrane 
distillation system that is firstly patent by Bodell (United States Patent No. 285,032, 
1963). Membrane distillation is a thermally driven separation process enabled due to 
phase change, in which only vapors molecules are transported through porous 
hydrophobic membranes. It involved simultaneous heat and mass transfer phenomena 
through the membrane.  
 
However, a huge energy such as electrical energy will be consumed and will be 
lost in order to heat the feed solution to a certain temperature in order to convert the liquid 
into vapor depending on their specific heat.  Based on a research, in five years from now, 
Malaysian electricity reserve margin will be in between twenty-five to twenty percent. 
Nowadays, the percentage of fuel consumption for electric generation is 44.7% from coal, 
42.5% are based on gas, 3.7% based on fossil fuel, 3.4% based on distillate, and 5.7% 
based on hydro. However, by 2020, it is estimated that 60% of the electricity supply will 
be generated from coal, 23% from gas, 15% of them are hydro generated and the other 
2% percent will be on the renewable energy source (Mohd Hayati, 2012). Based on this 
estimation, it is shown that the country is on their way to work on the usage of renewable 
energy and decrease the consumption of fossil fuel on the electricity generation.  
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